Enhancement of Nucleate Pool Boiling Heat Transfer on Silicon Oxide Thin Film Surface  by Das, S. et al.
 Procedia Engineering  90 ( 2014 )  530 – 537 
1877-7058 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Department of Mechanical Engineering, Bangladesh University of Engineering 
and Technology (BUET)
doi: 10.1016/j.proeng.2014.11.768 
ScienceDirect
Available online at www.sciencedirect.com
WK,QWHUQDWLRQDO&RQIHUHQFHRQ0HFKDQLFDO(QJLQHHULQJ,&0(
(QKDQFHPHQWRI1XFOHDWH3RRO%RLOLQJ+HDW7UDQVIHURQVLOLFRQ
2[LGH7KLQ)LOP6XUIDFH
6'DVD6'XEED.XPDUDE6%KRZPLND
aNational Institute of Technology, Jirania, Tripura (W), 799055, India 
bIndian Institute of Technology, Roorke, Roorkee, Uttarakhand, 247667, India 
$EVWUDFW
,Q WKLV SDSHU LV DLPHG WR VWXG\ WKH DXJPHQWDWLRQRI SRRO ERLOLQJKHDW WUDQVIHU FKDUDFWHULVWLFVRIGLIIHUHQW VXUIDFHVZLWKZDWHU
H[SHULPHQWDOO\DWDWPRVSKHULFSUHVVXUH7KHUHZHUHIRXUVXUIDFHVXVHGYL] XQWUHDWHG3ODLQ WUHDWHGE\HPHU\JUDWHQR
DQG WUHDWHGZLWKVLOLFRQR[LGH6L2[7)VXUIDFHVKDYLQJQDQROD\HU WKLFNQHVVRIDQGQP7KHWKLQILOPQDQRFRDWLQJ
ZDVSUHSDUHGE\HEHDPHYDSRUDWLRQ6\VWHPV7KHVXUIDFHVZHUHFKDUDFWHUL]HGZLWKUHVSHFWWRFRQWDFWDQJOHILOPWKLFNQHVVDQG
VXUIDFHURXJKQHVV$IWHUDQDO\]LQJWKHGDWDLWZDVIRXQGWKDWWKLQILOPVXUIDFHLVVXSHULRUWRWKHWUHDWHGDQGSODLQVXUIDFHLQYLHZ
RIERLOLQJKHDWWUDQVIHUFRHIILFLHQW7KHUHVXOWIRXQGWKDWDPD[LPXPRIDQGHQKDQFHPHQWLQKHDWWUDQVIHU
FRHIILFLHQWZDVREVHUYHGIRU6L2[7)QP6L2[7)QPDQGWUHDWHGVXUIDFHVUHVSHFWLYHO\FRPSDUHGWRSODLQVXUIDFH
DWORZHUKHDWIOX[+LJKHVWHQKDQFHPHQWRIKHDWWUDQVIHUFRHIILFLHQWLQWKLQILOPVXUIDFHVZDVGXHWRFDSLOODU\HIIHFWEHWWHUOLTXLG
VSUHDGLQJDQGKLJKGHQVLW\DFWLYHQXFOHDWHVLWH

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ%DQJODGHVK8QLYHUVLW\RI
(QJLQHHULQJDQG7HFKQRORJ\%8(7
,QWURGXFWLRQ
(QHUJ\ FULVLV DURXQG ZRUOG KDV WULJJHUHG PRUH DWWHQWLRQ WR HQHUJ\ VDYLQJ DQG HIILFLHQW HQHUJ\ FRQYHUVLRQ
GHYLFHV  'XH WR WKDW WKH GHYHORSPHQW RI VSHFLDO VXUIDFH JHRPHWULHV LV D FULWLFDO LVVXH IRU WKH SHUIRUPDQFH
DXJPHQWDWLRQRIQXFOHDWH SRRO ERLOLQJKHDW WUDQVIHU ,Q ODVW IHZGHFDGHVPDQ\ERLOLQJKHDW WUDQVIHU HQKDQFHPHQW
WHFKQLTXHVKDYHEHHQPDGH%URDGO\WKH\DUHFODVVLILHGLQWRWZRFDWHJRULHVLHDFWLYHDQGSDVVLYHWHFKQLTXHV$V
FRPSDUH ERWK WHFKQLTXHV SDVVLYH WHFKQLTXHV RIIHUV D VLJQLILFDQW HQKDQFHPHQW LQ ERLOLQJ KHDW WUDQVIHU UDWH DQG
IDEULFDWLRQRIVXFKVXUIDFHVLVHDV\DQGHFRQRPLFDODVLWGRHVQRWUHTXLUHSRZHUIURPDQ\H[WHUQDOVRXUFH7RFUHDWH
DSSURSULDWH VXUIDFH JHRPHWULHV IRU WKH HQKDQFHPHQW RI SRRO ERLOLQJ E\ HEHDP HYDSRUDWLRQ KDYH EHHQ SURSRVHG


&RUUHVSRQGLQJDXWKRU
E-mail address:FKHPLFGHY#JPDLOFRP
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Department of Mechanical Engineering, Bangladesh University of Engineering 
and Technology (BUET)
531 S. Das et al. /  Procedia Engineering  90 ( 2014 )  530 – 537 

7KLVSURFHVVLVRQHRIWKHLPSRUWDQWWHFKQLTXHVLQYROYHVPRGLILFDWLRQLQWKHVXUIDFHFKDUDFWHULVWLFVZKLFKLVRQHRI
WKHEHVWDOWHUQDWLYHVIRUHQKDQFHPHQWRIERLOLQJKHDWWUDQVIHU7KLVNLQGRIERLOLQJHQKDQFHPHQWLVJUHDWLQWHUHVWGXH
WR LQFUHDVH WKHQXPEHURIVPDOO VFDOHRUDUWLILFLDOFDYLWLHVRQD VXUIDFH5HFHQWO\SXEOLVKHG OLWHUDWXUHV IRXQGSRRO
ERLOLQJDXJPHQWDWLRQRQQDQRVWUXFWXUHGVXUIDFHVVXFKDVQDQRIOXLGVQDQRSRURXVFDUERQQDQRWXEHVQDQRVWUXFWXUHV
DQGQDQRZLUHVDUHVXPPDUL]HGEHORZ
<DQ HW DO >@ GHYHORSHG WKH QRYHO DSSOLFDWLRQV RI 7L2 PDWHULDO LQ LQKLELWLQJ WKH GHSRVLWV RQ KHDW WUDQVIHU
VXUIDFHDQGLQSRROERLOLQJZLWKQDQRPHWHUVXUIDFHHQJLQHHULQJPHWKRG7KHUHVXOWVLQGLFDWHWKDWDOO7L2FRDWLQJ
VXUIDFHVZLWKILOPWKLFNQHVVLQQDQRPHWHUVFDOHLQIOXHQFHWKHERLOLQJKHDWWUDQVIHUFRHIILFLHQWVLJQLILFDQWO\7DQJHW
DO>@VWXGLHGWKHQXFOHDWHSRROERLOLQJKHDWWUDQVIHUSHUIRUPDQFHRQQDQRSRURXVFRSSHUVXUIDFH7KHUHVXOWIRXQG
WKDWWKHUHLVDUHGXFWLRQRIZDOOVXSHUKHDWDQGLPSURYHPHQWRIKHDWWUDQVIHUFRHIILFLHQWIRUQDQRVWUXFWXUHGVXUIDFH
FRPSDUHGZLWKXQVWUXFWXUHGVXUIDFHDWORZKHDWIOX[HV/HHHWDO>@H[SHULPHQWDOO\LQYHVWLJDWHGWKHQXFOHDWHSRRO
ERLOLQJKHDWWUDQVIHUFRHIILFLHQWRQR[LGHQDQRVWUXFWXUHVVXUIDFHLPPHUVHGLQVDWXUDWHGZDWHU7KHUHVXOWIRXQGWKDW
WKHLQFLSLHQWZDOOVXSHUKHDWRISRROERLOLQJRQQDQRSRURXVVXUIDFHZDVORZHUWKDQWKDWRQQDQRFRDWLQJVXUIDFHE\±
 . 7KH QXFOHDWH ERLOLQJ KHDW WUDQVIHU FRHIILFLHQWV RI QDQRSRURXV FRDWLQJ VXUIDFH ZHUH KLJKHU WKDQ WKRVH RI
QDQRFRDWLQJVXUIDFHE\DERXWZKHQWKHKHDWIOX[LVORZHUWKDQWKHYDOXHN:P:XHWDO>@FDUULHGRXW
H[SHULPHQW RQ SRRO ERLOLQJ RQ ȝPWKLFN WLWDQLXP R[LGH 7L2 DQG VLOLFRQ R[LGH 6L2 QDQR SDUWLFOHFRDWHG
VXUIDFHV LPPHUVHG LQZDWHUDQG)&7KHUHVXOW IRXQGWKDW WLWDQLXPR[LGHVXUIDFHSURYLGHVKLJKHUKHDW WUDQVIHU
FRHIILFLHQW DQG &+) YDOXHV 9HPXUL DQG .LP >@ H[SHULPHQWDOO\ LQYHVWLJDWHG WKH SRRO ERLOLQJ KHDW WUDQVIHU RQ
QDQRSRURXVVXUIDFH7KHUHVXOWIRXQGWKDWWKHUHLVDUHGXFWLRQRIDERXWLQWKHLQFLSLHQWVXSHUKHDWDQGDQ
LQFUHDVHLQKHDWIOX[IRUWKHDSSOLHGSRZHUOHYHOVIRUQDQRSRURXVVXUIDFHRYHUSODLQVXUIDFH$KQHWDO>@FDUULHGRXW
H[SHULPHQWDO VWXG\RISRROERLOLQJRQPXOWLZDOOFDUERQQDQRWXEHV VXEWUDFW7KHKHDW WUDQVIHU LQSRROERLOLQJZDV
LPSURYHG WR WKH VDPH GHJUHH LQ DOO FDVHV RYHU D SODLQ VLOLFRQ VXUIDFH 7KH ERLOLQJ KHDW WUDQVIHU FRHIILFLHQW ZDV
HQKDQFHGEHFDXVHRIKLJKFRQGXFWLYLW\ODUJHUVL]HGFROGVSRWFROODSVHYDSRXUILOPKLJKHUVROLGOLTXLGFRQWDFWDQG
LQFUHDVHGVXUIDFHDUHD/DWHU$KQHWDO>@H[SHULPHQWDOO\LQYHVWLJDWHWKHHIIHFWRIOLTXLGVSUHDGLQJRQFULWLFDOKHDW
IOX[XVLQJ VXUIDFHVZLWKPLFURQDQRVWUXFWXUHV GHSRVLWLRQ VLPLODU WR QDQRSDUWLFOHV GHSRVLWLRQ7KH\DWWULEXWHG WKH
HQKDQFHPHQW RI &+) WR WKH LQFUHDVH RI ZHWWDELOLW\ DQG VSUHDGLQJ DELOLW\ RQ WKH DUWLILFLDO PLFURQDQR VWUXFWXUHV
8MHUHKHWDO>@SHUIRUPHGH[SHULPHQWVZLWKGLIIHUHQW&17DUUD\RQVLOLFRQDQGFRSSHUVXUIDFHVLPPHUVHGLQD)&
IOXLG,QDOOFDVHVWKHLQFLSLHQFHZDOOVXSHUKHDWZDVUHGXFHGDORQJZLWKKHDWWUDQVIHUSHUIRUPDQFHHQKDQFHPHQWV
LQSRROERLOLQJDWORZHUKHDWIOX[HV/DXQD\HWDO>@SHUIRUPH[SHULPHQWDOVWXG\RQHQKDQFHPHQWRISRROERLOLQJ
KHDW WUDQVIHUXVLQJPLFURDQGQDQRVWUXFWXUHGKRUL]RQWDO LQWHUIDFHV7KHUHVXOWVZHUHLQGLFDWLQJWKDW WKHXVHRI WKH
&17HQDEOHGSXUHO\QDQRVWUXFWXUHGLQWHUIDFHVDSSHDUWRLPSURYHERLOLQJKHDWWUDQVIHURQO\DWYHU\ORZVXSHUKHDWV
DV FRPSDUHG WR WKH VPRRWK VXUIDFHV=KDQJ HW DO >@ VWXG\ WKH HQKDQFHGSRRO ERLOLQJKHDW WUDQVIHU RQ DOXPLQD
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3UHSDUDWLRQDQG&KDUDFWHUL]DWLRQRI7HVWVXUIDFHV
2.1. Preparation of SiOx coating surfaces 
)RXUW\SHVRIWHVWHGVXUIDFHVRIFRSSHUPDWHULDOZHUHSUHSDUHGXQWUHDWHGSROLVKHGDQG6L2[WKLQILOP7)FRDWHG
$QHEHDPHYDSRUDWLRQV\VWHP)++9,QGLDZDVXVHGWRGHSRVLW6L2[7)RQFRSSHUVXUIDFHV7KHKLJKO\SXUH
6L2[ 07, 86$ LQVLGH WKH FKDPEHU RI HEHDP HYDSRUDWRU ZDV XVHG WR GHSRVLW RQ P GLDPHWHU
FRSSHUVXEVWUDWHWKLFNQHVVRIPDQGOHQJWKRIPDWDEDVHSUHVVXUHRIîPEDU%RWKWKHJURZWK
UDWH DQG ILOP WKLFNQHVVZHUHPRQLWRUHG E\ TXDUW] FU\VWDO LQVLGH WKH FKDPEHU 7KH FRORXU GLIIHUHQFH RI XQWUHDWHG
WUHDWHGDQGWUHDWHGZLWKDQGQP6L2[7)VXUIDFHVZHUHVKRZQLQILJXUH
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)LJ7RSYLHZRILPDJHVRIGLIIHUHQFHVVXUIDFHVDXQWUHDWHGEWUHDWHGVXUIDFHFQP7)DQGGQP7)
2.2. Measurement of contact angle and calculation of surface free energy of SiOx coating surface 

7KH FRQWDFW DQJOHV RI XQWUHDWHG SROLVKHG DQG FRDWHG VXUIDFHV ZLWK GLIIHUHQW OD\HU WKLFNQHVVHV RI 6L2[ ZHUH
PHDVXUHGE\VHVVLOHGURSPHWKRGDQG WKHGLVWLOOHGZDWHU LVXVHGDV WLWHUV7KHPHDVXUHPHQWRIHDFKFRQWDFWDQJOH
ZDVUHSHDWHGWKUHHWLPHVDQGWKHDYHUDJHVRIGLIIHUHQWFRDWLQJVXUIDFHVDUHVKRZQLQ7DEOH7RKDYHDTXDOLWDWLYH
JULSRIVXFKFRDWLQJVXUIDFHVW\SLFDOGLJLWDOSKRWRVRIFRDWLQJVXUIDFHVDQGGLVWLOOHGZDWHUGURSVRQWKHVHVXUIDFHV
WDNHQLQQDWXUDOOLJKWDUHLOOXVWUDWHGLQ)LJXUH

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)LJ&RQWDFWDQJOHRQWHVWLQJVXUIDFHVE\KLJKUHVROXWLRQFDPHUDDIRUSODLQVXUIDFHEIRUWUHDWHGVXUIDFHFIRUQP6L2[7)VXUIDFH
DQGGIRUQP6L2[7)VXUIDFH
2.3 Surface roughness measurement 
2SWLFDO SURILOHU ZDV XVHG IRU PHDVXUHPHQWV RI VXUIDFH URXJKQHVV YDOXH IRU XQWUHDWHG WUHDWHG DQG QDQRFRDWHG
VXUIDFHV$7DO\VXUI&&,/,7(0RSWLFDOSURILOHUPDGHE\7D\ORU+REVRQ/WGPHDVXUHGWKHVXUIDFHURXJKQHVV
ZLWKDQDYHUDJHGHYLDWLRQLQ'5DSURILOHV7KHVXUIDFHURXJKQHVVSURILOHVRIXQWUHDWHGWUHDWHGQPWKLQILOP
VXUIDFHDQGQPWKLQILOPVXUIDFHVEHIRUHDQGDIWHURIERLOLQJDUHVKRZQLQWDEOH
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7DEOH6XUIDFHURXJKQHVVDQGFRQWDFWDQJOHYDOXHV
6XUIDFH7\SH %HIRUHERLOLQJ
URXJKQHVV5DP
6WDQGDUG
GHYLDWLRQ
$IWHUERLOLQJ
URXJKQHVV5DP
6WDQGDUG
'HYLDWLRQ
&RQWDFW
DQJOHș
6WDQGDUG
GHYLDWLRQ
8QWUHDWHG     2 2
7UHDWHG     2 2
QP6L2[     2 2
QP6L2[     2 2

([SHULPHQWDO6HWXS

3.1. Experimental Facility Details   
,Q)LJVKRZVWKHSRROERLOLQJH[SHULPHQWDOVHWXSZLWKDVFKHPDWLF LOOXVWUDWLRQRIKHDWEORFNDUUDQJHPHQW7KH
WHVWIDFLOLW\XVHGWRHYDOXDWHWKHQXFOHDWHSRROSHUIRUPDQFHFRQVLVWVRIERLOLQJWHVWULJFRSSHUKHDWHUEORFNDQGWHVW
VSHFLPHQ7KHERLOLQJYHVVHOZDVZLWKWKHGLPHQVLRQVRIPPLQGLDPHWHUDQGPPLQKHLJKWZDVPDGH
RI66LQZKLFKWKHOLTXLGLVERLOHGWRSUHGLFWWKHERLOLQJSKHQRPHQDLHWRVWXG\WKHERLOLQJFKDUDFWHULVWLFVRI
WKHKHDWLQJVXUIDFHDQGWKHOLTXLG7KHYHVVHOLVSURYLGHGZLWKKHDWLQJEORFNIRUVXSSO\LQJWKHKHDWIOX[WRWKH
ERLOLQJOLTXLG7KHFRROLQJFRLODQGZDVSURYLGHGWRFRQGHQVDWHWKHYDSRUIRUPRIOLTXLGEXWWKHEDVLFIXQFWLRQLW
PHDQWIRULVWRPDLQWDLQWKHXQLIRUPOHYHODQGSUHVVXUHLQVLGHWKHERLOLQJYHVVHO7KHSUHVVXUHJDXJHVHFRQGDU\
KHDWHUWRKDYHUDSLGKHDWLQJDQGYLHZLQJJODVVHVZHUHILWWHGWRERLOLQJYHVVHODVVKRZQLQILJ7KHERWWRP
RIWKHERLOLQJYHVVHOLVSURYLGHGZLWKWKHFRSSHUEORFNFRQWDLQLQJFDUWULGJHKHDWHULQVLGHWRVXSSO\WKHKHDWIOX[
DQGZKLFKLVLQVXODWHGWRDYRLGWKHKHDWORVVWRWKHDWPRVSKHUH$WWKHWRSRIWKHFRSSHUEORFNDVORWLVSURYLGHG
WRSODFHWKHKHDWLQJVSHFLPHQDQGWKLVVORWPDGHLQVXFKZD\WKDWWKHUHLVDSURYLVLRQWRLQWHUFKDQJHWKHKHDWLQJ
VXUIDFHDVRXUUHTXLUHPHQW)RXU7W\SHWKHUPRFRXSOHVWKUHHWKHUPRFRXSOHVZHUHDUUDQJHGLQWKHFRSSHUEORFN
WR UHFRUG WKH WHPSHUDWXUH DW GLIIHUHQW OHYHOV LQ KHLJKW ZLVH DQG IRXUWK RQH LV PHDQW WR ILQG WKH OLTXLG SRRO
WHPSHUDWXUH7KHERLOLQJYHVVHOLVUDGLDOO\FRYHUHGZLWKLQVXODWLQJPDWHULDOVXFKDVJODVVZRRODQGSRZGHUIRUP
RIFDOFLXPVLOLFDWHWRSUHYHQWWKHKHDWLQWHUDFWLRQZLWKWKHDWPRVSKHUHWKURXJKWKHZDOOVRIWKHYHVVHO7KH7HIORQ
VKHHWLVSURYLGHGEHWZHHQWKHKHDWLQJVSHFLPHQDQGWKHIODQJHZDOOVWRDYRLGWKHUDGLDOKHDWWUDQVIHUIURPWKH
KHDWLQJVXUIDFH7KHKHDWIOX[FDQEHVXSSOLHGE\XVLQJWKHSULPDU\FDUWULGJHKHDWHUILWWHGWRWKHFRSSHUEORFN
7KHYDOYHV9	9FDQEHUHJXODWHGWRPDLQWDLQWKHSRROERLOLQJFRQGLWLRQVDFFRUGLQJO\7KHFKDUJLQJGHYLFH
ZDVILWWHGRQWKHWRSRIWKHYHVVHOIRUFKDUJLQJWKHOLTXLGLQWRWKHERLOLQJYHVVHO



)LJD3RROERLOLQJWHVWIDFLOLW\IRUQXFOHDWHSRROERLOLQJSHUIRUPDQFHE6FKHPDWLFLOOXVWUDWLRQRIWKHERLOLQJWHVWIDFLOLW\F6FKHPDWLF
LOOXVWUDWLRQRIFRSSHUKHDWHUEORFNGSKRWRJUDSKLFYLHZRIFRSSHUKHDWLQJEORFNDUUDQJHPHQWHSKRWRJUDSKLFYLHZRIWHVWVSHFLPHQDQGI
5HVLVWDQFHGLDJUDPIRU6XUIDFHWHPSHUDWXUHFDOFXODWLRQ
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$OOH[SHULPHQWVZHUHSHUIRUPHGDWDQDWPRVSKHULFSUHVVXUHFRQGLWLRQVDQGZDWHUZDVXVHGDVWKHWHVWIOXLG7KH
SRZHU LQSXWDQG WKHKHDW WUDQVIHUFRHIILFLHQWZHUHVLPSO\FDOFXODWHGDFFRUGLQJ WRRQHGLPHQVLRQDO)RXULHU ODZRI
KHDWFRQGXFWLRQDVEHORZ        
 ൌ  ൈ            
 ൌ 
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3.2 Uncertainty analysis 
7KHXQFHUWDLQWLHVIRUWKLVVWXG\ZHUHHVWLPDWHGXVLQJ6FKXOW]DQG&ROHPHWKRG>@%\FRQVLGHULQJWKHHUURUV
GXHWRYROWDJHVXUIDFHDUHDRIWKHKHDWHUDQGWKHDSSOLHGFXUUHQWWKHQXFOHDWHSRROERLOLQJKHDWIOX[XQFHUWDLQW\ZDV
HVWLPDWHG WR EH OHVV WKDQ7KH WHPSHUDWXUHPHDVXUHPHQWVZHUH HVWLPDWHG WR KDYH OHVV WKDQ & HUURU
FRQVLGHULQJ FDOLEUDWLRQ HUURU 7KH XQFHUWDLQW\ RI DYHUDJH KHDW WUDQVIHU FRHIILFLHQW ZDV HVWLPDWHG LQ WKH UDQJH RI


5HVXOWVDQGGLVFXVVLRQ
7KHKHDW WUDQVIHUFKDUDFWHULVWLFVRIKRUL]RQWDOFRSSHU 3ODLQ7UHDWHG7LWDQLXPGLR[LGH WKLQ ILOPQDQRFRDWHG
VXUIDFHVZHUHH[SHULPHQWDOO\LQYHVWLJDWHGDWDWPRVSKHULFSUHVVXUHZLWKLQWKHQXFOHDWHSRROERLOLQJUHJLPHRIZDWHU
&X FRPELQDWLRQ7KH H[SHULPHQWZDV ILUVW FDUULHG RXW DW GLIIHUHQW KHDW LQSXWV YDU\LQJ IURP: WR:ZLWK
VHYHQ VWHSV LQ DWPRVSKHULF SUHVVXUH 7KH ZDOO VXSHUKHDW DQG KHDW WUDQVIHU FRHIILFLHQW ZHUH FDOFXODWHG DQG WKH
FRUUHVSRQGLQJSORWVIRUH[SHULPHQWDOGDWDZHUHGLVFXVVHGLQWKHIROORZLQJVHFWLRQV
4.1. Variation of heat flux and heat transfer coefficient with wall superheat 
)LJXUH FRQWDLQV WKH JUDSKGUDZQ IRU D KHDW WUDQVIHU FRHIILFLHQWVYHUVXV WKHZDOO VXSHUKHDW οZ IRU IRXU
W\SHVRIVXUIDFHDQGEKHDWIOX[HVYHUVXVWKHZDOOVXSHUKHDWοZIRUIRXUW\SHVRIVXUIDFH7KHGDWDSRLQWVZHUH
OLHV LQ WKHQXFOHDWHSRROERLOLQJ UHJLRQDV WKH 7 IDOOV LQ WKH UDQJHRI2& WR2&7RDFKLHYHDSDUWLFXODUZDOO
VXSHUKHDW WKH6L2[7) QDQR OD\HU WKLFNQHVVQPQHHGVKLJKKHDWKHDW IOX[HV7KHERLOLQJ FXUYH LV VKLIWLQJ
WRZDUGVWKHRUGLQDWHD[LVZLWKWKHUHVSHFWLYHVXUIDFHVRI3ODLQ7UHDWHG7)QPDQG7)QP7KH7)
QP VXUIDFH LV KDYLQJ KLJKHU KHDW WUDQVIHU FRHIILFLHQW WKDQ WKH UHPDLQLQJ DOO VXUIDFHV 7KLV LV GXH WR LQFUHDVHG
QXPEHURIVPDOODUWLILFLDOFDYLWLHVRQWKHVXUIDFHDQGKLJKZHWWDELOLW\QDWXUHRIWKH7)VXUIDFH












)LJ%RLOLQJFXUYHVD+HDWIOX[YHUVXVZDOOVXSHUKHDWE+7&YHUVXVZDOOVXSHUKHDW
4.2. Comparison of heat flux of present experimental data with other published data  
7KH SRRO ERLOLQJ FXUYHVZHUH GUDZQ IRU H[SHULPHQWDO GDWD RI DOO WKH WHVWHG VXUIDFHV DV ZHOO DV VRPH UHODWHG
OLWHUDWXUH GDWD RI SODLQVPRRWK FRSSHU VXUIDFH ZDV SUHVHQWHG IRU FRPSDULVRQ ,Q FDVH RI SODLQ &X VXUIDFH WKH
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H[SHULPHQWDOGDWDZDVSUHGLFWHGZLWKWRWRDQGWRGHYLDWLRQVIURPWKHOLWHUDWXUHGDWD
RI<DQHWDO>@7DQJHWDO>@DQG/HHHWDO>@UHVSHFWLYHO\7KHGHYLDWLRQRIUHVXOWZLWKRWKHUSXEOLVKHGGDWDLV
GXH WR WKH RSHUDWLQJ FRQGLWLRQV VXUIDFH W\SHV FRDWLQJ WKLFNQHVVPHWKRG RI FRDWLQJ HWF:LWKLQ WKH SRRO ERLOLQJ
UHJLPHWKH7)VXUIDFHVZHUHVKRZLQJERLOLQJKHDWWUDQVIHUFRHIILFLHQWHQKDQFHPHQWWKDQWKHDOORWKHUVXUIDFHV7KH
OLWHUDWXUHGDWDFXUYHVIDOOLQJEHORZWKHFXUYHVRIH[SHULPHQWDORI7)VXUIDFHDQGWUHDWHGVXUIDFHV7KHSRROERLOLQJ
FXUYHVRI6L27)VXUIDFHVZHUHORFDWHGDWKLJKHUHOHYDWLRQVWKDQWKHDOOWHVWHGVXUIDFHVLQSUHVHQWVWXG\DVZHOODV
WKHXQWUHDWHG&XVXUIDFHVRIOLWHUDWXUHGDWDVKRZQLQILJD


)LJD9DULDWLRQRIKHDWIOX[YHUVXVZDOOVXSHUKHDWE9DULDWLRQRI+7&YHUVXVKHDWIOX[SUHGLFWLRQRIUHVXOWVZLWKRWKHUOLWHUDWXUHGDWD

4.3. Comparison of heat transfer coefficient of present experimental data with other published data. 
,QILJE7KHSUHVHQWH[SHULPHQWDOGDWDZDVDSSHDUHGWREHFORVHUWRWKHOLWHUDWXUHGDWDZKLOHPRYLQJWRZDUGV
WKHRULJLQ:LWKWKHLQFUHDVHGYDOXHVRIKHDWIOX[WKHKHDWWUDQVIHUFRHIILFLHQWDSSHDUHGWREHLQFUHDVHGIRUDOOQDQR
FRDWHG VXUIDFHV WKDQ WKH SODLQVPRRWK&X VXUIDFH DQG LWVPDJQLWXGH RI LQFUHPHQW GHSHQGV RQ WKHLU H[SHULPHQWDO
FRQGLWLRQV 7KH H[SHULPHQWDO GDWD YDU\LQJ    GHYLDWLRQ ZLWK WKH UHVXOWV RI :X HW DO >@ DQG SUHVUHQW
H[SHULPHQWDOUHVXOWVZHUHVKRZLQJJRRGSUHGLFWHGYDOXHVRIKHDWWUDQVIHUFRHIILFLHQWIRUDOOWKHWHVWHGVXUIDFHVWKDQ
WKH:XHWDO>@WHVWVXUIDFHUHVXOWVIRUVPRRWKDQGQDQRFRDWHG6L27KLVLVGXHWKHKLJKHUVXUIDFHURXJKQHVVRI
WKHWHVWVXUIDFHVRI:XHWDO>@H[SHULPHQWV

4.4 Variation of heat transfer coefficient (h) and heat flux (q) with respect to coating thickness (ߜ) as a function of 
wall superheat ( T)
,Q )LJ ([SHULPHQWDO GDWD ZDV SORWWHG IRU KHDW WUDQVIHU FRHIILFLHQW h YHUVHV FRDWLQJ WKLFNQHVV DW ZDOO
VXSHUKHDW RI   DQG7KHKHDW WUDQVIHU FRHIILFLHQW hZDVREVHUYHG WREH LQFUHDVHGZLWK LQFUHDVHG FRDWLQJ
WKLFNQHVVRQ IODW&RSSHU &X VXUIDFH DV VKRZQ LQ ILJ D+HUH WKH FRDWLQJ WKLFNQHVV QPDQGQPZHUH
UHIHUV WRSODLQ DQG WUHDWHGKRUL]RQWDOKHDWLQJ &X VXUIDFHV7KH6LOLFRQ2[LGH 6L2[QDQRFRDWHG VXUIDFHVZHUH
GLUHFWO\UHSUHVHQWHGE\DQGUHVSHFWLYHO\7KH+7&ZDVREVHUYHGWREHLQFUHDVHGZLWKWKHLQFUHPHQWRIZDOO
VXSHUKHDW 7IRUDOOWKHWHVWHGVSHFLPHQVLQWKHQXFOHDWHSRROERLOLQJUHJLPH)RUDVSHFLILHGZDOOVXSHUKHDWWKH
UHTXLUHGKHDW IOX[ DSSHDUHG WREHKLJKHU LQ DQ LQFUHDVLQJRUGHURISODLQ&X QP WUHDWHG&X QP QDQR
FRDWHG&XQPDQGQDQRFRDWHG&XQPDVVKRZQLQILJE
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Fig 7. Variation of HTC and heat flux (q) as a function of wall superheat with respect to coating thickness 
&RQFOXVLRQV

7KHQXFOHDWHSRROERLOLQJH[SHULPHQWVZHUHFDUULHGRXWZLWKLQWKHKHDWIOX[UDQJHRI:&P±:&P7KH
KHDWWUDQVIHUFRHIILFLHQWZDVVLJQLILFDQWO\LQIOXHQFHGE\WKHVXUIDFHPRGLILFDWLRQV7KHIROORZLQJFRQFOXVLRQVZHUH
GHULYHG
x 7KHVWXG\UHYHDOHGWKDWVXUIDFHPRGLILFDWLRQLHQDQRFRDWLQJZLOOVLJQLILFDQWO\DIIHFWVWKHERLOLQJSKHQRPHQD
DQG LW OHDGV WR HQKDQFH WKH ERLOLQJ KHDW WUDQVIHU FRHIILFLHQW WKDQ WKH XQWUHDWHG DQG WUHDWHG VXUIDFH 7KLV
HQKDQFHPHQW FRXOG EH GXH WR WKH ORZHU FRQWDFW DQJOHV LH K\GURSKLOLF VXUIDFHV ZLOO KDYH WKH KLJKHU
ZHWWDELOLW\
x 7KHH[SHULPHQWDOUHVXOWVUHYHDOHGWKDWWKHKHDWWUDQVIHUFRHIILFLHQWLVKLJKHULQIRU6L2[7)VXUIDFHZLWKQP
WKLFNQHVV$PRQJDOOIRXUW\SHVRIFRSSHUVXUIDFHVWKHZDOOVXSHUKHDWWHPSHUDWXUHLVKLJKHVWLQFDVHRISODLQ
FRSSHUVXUIDFHDWVDPHKHDWIOX[0D[LPXPHQKDQFHPHQWRIKHDWWUDQVIHUFRHIILFLHQWZDVREVHUYHGLQ
QP7L27)VXUIDFHDVFRPSDUHWRXQWUHDWHGVXUIDFHDWORZHUKHDWIOX[
x 7KHH[SHULPHQWDOGDWDZDVSUHGLFWHGPD[LPXPGHYLDWLRQVIURPRWKHUSXEOLVKHGGDWD7KHGHYLDWLRQRI
UHVXOWZLWKRWKHUSXEOLVKHGGDWDLVGXHWRWKHRSHUDWLQJFRQGLWLRQVVXUIDFHW\SHVFRDWLQJWKLFNQHVVPHWKRGRI
FRDWLQJHWF
x 7KHPD[LPXPXQFHUWDLQW\RIKHDW WUDQVIHUFRHIILFLHQWZDV IRXQG LQ WKH UDQJHRIDQG LW LVZLWKLQ WKH
DFFHSWDEOHOLPLW
5HIHUHQFHV
>@ :<DQ://LQDQG/0<DQ$QWLIRXOLQJDQGHQKDQFLQJSRROERLOLQJE\7L2FRDWLQJVXUIDFHLQQDQRPHWHUVFDOHWKLFNQHVV$PHULFDQ
,QVW&KHP(QJJ9RO1R33
>@ <7DQJ%7DQJ4/L-4LQJ//XDQG.&KHQ3RROERLOLQJHQKDQFHPHQWE\QRYHOPHWDOOLFQDQRSRURXVVXUIDFH([S7KHUPDOIOXLG
VFLHQFH9RO33
>@ &</HH00+%KXL\DDQG.-.LP3RROERLOLQJKHDWWUDQVIHUZLWKQDQRSRURXVVXUIDFH,QW-+HDWPDVVWUDQVIHU9RO33

>@ ::X+%RVWDQFL/&&KRZ<+RQJ06XDDQG-3.L]LWR1XFOHDWHERLOLQJKHDW WUDQVIHUHQKDQFHPHQWIRUZDWHUDQG)&RQ
WLWDQLXPR[LGHDQGVLOLFRQR[LGHVXUIDFHV,QW-+HDW0DVV7UDQVIHU9RO33
>@ 9HPXUL6DQG.LP.-³3RROERLOLQJRIVDWXUDWHG)&RQQDQRSRURXVVXUIDFH´,QW&RPPXQ+HDW0DVV7UDQVIHUSS
>@ $KQ+66LQKD1=KDQJ0%DQHUMHH')DQJ6.%DXJKPDQDQG5+³3RROERLOLQJH[SHULPHQWVRQ0XOWL:DOOHG&DUERQ
1DQRWXEH0:&17)RUHVWV´-+HDW7UDQVIHU7UDQVDFWLRQV$60(SS
>@ +6$KQ+- -R 6+.DQJ0+.LP (IIHFW RI OLTXLG VSUHDGLQJ GXH WR QDQRPLFURVWUXFWXUHV RQ WKH FULWLFDO KHDW IOX[ GXULQJ SRRO
ERLOLQJ$SSO3K\V/HWW±
>@ 8MHUHK 6 )LVKHU 7DQG 0XGDZDU ,³(IIHFWV RI FDUERQ QDQRWXEH DUUD\V RQ QXFOHDWH SRRO ERLOLQJ´,QW - +HDW 0DVV 7UDQVIHU
SS
>@ /DXQD\6)HGRURY$*-RVKL<&DRDQG$$MD\DQ30³+\EULGPLFURQDQRVWUXFWXUHGWKHUPDOLQWHUIDFHVIRUSRROERLOLQJKHDW
WUDQVIHUHQKDQFHPHQW´-0LFURHOHFWURQLFVSS
>@ =KDQJ%-.LP.-DQG<RRQ+³(QKDQFHGKHDWWUDQVIHUSHUIRUPDQFHRIDOXPLQDVSRQJHOLNHQDQRSRURXVVWUXFWXUHVWKURXJK
VXUIDFHZHWWDELOLW\FRQWUROLQQXFOHDWHSRROERLOLQJ´,QW-+HDWPDVVWUDQVIHUSS
>@ )RUUHVW(:LOOLDPVRQ(%XRQJLRUQR-+XF/:5XEQHU0DQG&RKHQ5³$XJPHQWDWLRQRIQXFOHDWHERLOLQJKHDWWUDQVIHUDQG
FULWLFDOKHDWIOX[XVLQJQDQRSDUWLFOHWKLQILOPFRDWLQJV´,QWHUQDWLRQDO-RXUQDORI+HDWDQG0DVV7UDQVIHUSS±
>@ .ZDUN600RUHQR*.XPDU50RRQ+ DQG<RX60³1DQRFRDWLQJFKDUDFWHUL]DWLRQ LQSRROERLOLQJKHDW WUDQVIHURISXUH
ZDWHU´,QW-+HDWDQG0DVV7UDQVIHUSS±
   

















:DOOVXSHUKHDW2.
:DOOVXSHUKHDW2.
:DOOVXSHUKHDW2.
+
HD
WW
UD
QV
IH
UF
RH
IIL
FL
HQ
W
K
:
&
P

2
.

&RDWLQJWKLFNQHVVGQP
D
   












 :DOOVXSHUKHDW2.
:DOOVXSHUKHDW2.
:DOOVXSHUKHDW2.
+
HD
WI
OX
[
T
:
&
P
 
&RDWLQJWKLFNQHVVGQP
E
537 S. Das et al. /  Procedia Engineering  90 ( 2014 )  530 – 537 

>@ .ZDUN60$PD\D0DQG<RX60³3RROERLOLQJKHDWWUDQVIHUFKDUDFWHULVWLFVRIQDQRFRDWLQJLQYDULRXVZRUNLQJIOXLGV´,(((
6(0,7+(50SS
>@ 3KDQ+7&DQH\10DUW\ 3&RODVVRQ 6 DQG*DYLOOHW - ³6XUIDFHZHWWDELOLW\ FRQWURO E\ QDQRFRDWLQJ7KH HIIHFWV RQ SRRO
ERLOLQJKHDWWUDQVIHUDQGQXFOHDWLRQPHFKDQLVP´,QWHUQDWLRQDO-RXUQDORI+HDWDQG0DVV7UDQVIHUSS±
>@ 3KDQ +7 &DQH\ 10DUW\ 3&RODVVRQ 6 DQG *DYLOOHW - ³6XUIDFH FRDWLQJZLWK QDQRIOXLGV WKH HIIHFW RI SRRO ERLOLQJ KHDW
WUDQVIHU´1DQRVFDOHDQG0LFURVFDOH7KHUPR3K\VLFDO(QJLQHHULQJSS±
>@ /X0&&KHQ56ULQLYDVDQ9&DUH\93DQG0DMXPGDU$³&ULWLFDOKHDW IOX[RISRROERLOLQJRQ6LQDQRZLUHDUUD\FRDWHG
VXUIDFHV´,QW-+HDW0DVVWUDQVIHUSS
>@ 6WXW] %0RUFHOL &+6 6LOYD 0)&LRXODFKWMLDQ6 DQG %RQMRXU -  ³,QIOXHQFH RI QDQRSDUWLFOH VXUIDFH FRDWLQJ RQ SRRO
ERLOLQJ´([S7KHUPD)OXLGVFLHQFHSS
>@ 6FKXOW]55DQG&ROH5³8QFHUWDLQW\DQDO\VLVRIERLOLQJQXFOHDWLRQ´$,&K(V\PSRVLXP6HULHVSS
>@ 'DV6DQG%KDXPLN6³$&RUUHODWLRQIRUWKH3UHGLFWLRQRI+HDW)OX[IRU1XFOHDWH3RRO%RLOLQJ+HDW7UDQVIHURI1DQRIOXLG´$UDE
-6FL(QJSS

